1. Introduction {#s0005}
===============

Outbreak of COVID 19 and worldwide lockdown situation has immense negative impact on world\'s economy but environment has got rid off from the huge anthropogenic pressure like huge emission of pollutants of different kinds ([@bb0240]; [@bb0035]; [@bb0100]; [@bb0090]; [@bb0340]; [@bb2035]). This lockdown situation has created a golden opportunity to judge the anthropogenic intervention on qualitative degradation of environmental components at very local to global scales ([@bb0020]; [@bb0030]; [@bb0040]; [@bb0065]; [@bb0160]; [@bb0245]). COVID-19 outbreak was first reported from Wuhan, China on 31st December 2019. With \>1 million novel coronavirus infections and about 50,000 deaths in the world at the end of March 2020 and almost 200,000 deaths as on 26.04.2020, the researchers are looking into the existence of the virus and assessing its short and long term effects ([@bb0110]; [@bb0070]; [@bb0085]). The mortalities of this infection were not above 3.4% worldwide, given its adverse effects which compel the World Health Organization to declare COVID-19 as a public health emergency of international concern. To cope with COVID-19 pandemic, it has become clear to the world, the Chinese model of social distancing is mandatory without any alternative ([@bb0100]; [@bb0365]). The WHO announced on 30th January 2020 that COVID-19 was Chinese epidemic to be an international public health emergency posing a high risk to vulnerable health care system ([@bb0265]; [@bb0130]). Most of the countries of the world have adopted the way of lockdown over the advance of time to combat with this fatal virus in spite of having possibility of landslide in economy.

Due to complete halt of industrial, transport, tourism sectors, the adverse effects of these economic activities on environment has reduced considerably. Crude fact is that deaths from air pollution accounted for 7.6% of all fatalities worldwide as per 2016 report by WHO ([@bb0315]; [@bb0110]). So, such reduced pollution level could be help nature to restore herself and help people to get fresh breath ([@bb0140]; [@bb0345]; [@bb0170]; [@bb0360]; [@bb0250]; [@bb0235]). In China, NO~2~ and carbon emissions have reduced respectively by 30 and 25% ([@bb0155]; [@bb0120]). [@bb0300] have also shown same kind of effect due to industrial shutdown and temporary cuts in air emissions worldwide ([@bb0055]; [@bb0185]). As per [@bb0120], the lockdown has reduced the level of pollution in China that has led to the lives of 77,000 people indirectly. The [@bb2005] reported, between 1st January 2020 and 11 March 2020, a significant decrease in nitrous oxide emissions from the Po valley region in Northern Italy in vehicles, power plants and farms, with national lockdowns. The average Particulate Matter (PM) 2.5 level in the Indian capital, New Delhi, was reduced by 71% over the past weeks from 91 μg/m^3^ on March 20 to 26 μg/m^3^ on March 27, after the lockdown began. ([@bb2010]; [@bb0180]; [@bb0190]). Over the same time, Nitrogen Dioxide was reduced from 52 to 15 μg/m^3^ (about 71%). There has also been a decrease in such air contaminants in Mumbai, Chennai, Kolkata and Bangalore ([@bb2010]; [@bb0250] [@bb0150]). [@bb2010] analysis also found that the national Janta Curfew in India on 22 March resulted in record lowest rate of 1 day traffic emissions ([@bb0060]). PM~2.5~ and Pm~10~ were also steeply decreasing. Between 23 and 29 March, the most prominent NO~2~ decrease was observed when the concentration dropped to 10 μg/m^3^. [@bb0090] reported that the Air Quality Index and PM~2.5~ concentrations is decreased by 25% during the lock-off time spanning a few weeks while worked with Chinese cities. [@bb0040] also reported decreasing air pollutants over major cities of the world where the outbreak is very strong. In Seoul, capital of South Korea, PM~2.5~ has reduced by 54% in lockdown period than the same time of the previous year. In Wuhan, air quality is improved by 44%. [@bb0205] has found a strong link between the concentration of NO~2~ and fatality caused by COVID-19 in another study of areas in Italy, Spain, France, and Germany. [@bb0165], [@bb2015], [@bb0355], [@bb0050]; [@bb0220], [@bb0225], [@bb0055], [@bb0210], [@bb0010] have warned about the growth of PM concentration in lower atmosphere due to human activities. Most of them had computed the PM using either Landsat or MODIS products. Concentration of greenhouse gases like SO~2~, NO~2~, CO, PM etc. are considered as dominant causes of temperature rise in atmosphere. [@bb0025] found a linkage between air quality parameters and climate parameters like temperature, humidity, air movement etc. [@bb0015], [@bb0125], [@bb0175] reported that the high accumulation of greenhouse gases may augment the temperature and associated other climatic components like fog, dew, precipitation etc. Along with such global level studies a few works have also done in Indian subcontinent. [@bb0250] reported concentration of PM~2.5~, PM~10~, CO~2~, NO~2~, ozone (O~3~) and SO~2~ over 22 cities of India in March and April 2020 and compared the result with same window time of 2017 in order to explain air quality improvement in India. This lockdown is a breakthrough in this mounting concern. Along with air quality, noise pollution is reduced as transport and industry are the major sources of noise ([@bb0275]; [@bb0290]; [@bb0005]). It is to be mentioned that due to noise pollution so many people experiences direct and indirect harms over the world ([@bb0220], [@bb0225]). Deafness, high blood pressure, heart failure are some of the crudest consequences of noise. Worldwide, 360 million peoples are prone to hearing loss due to noise. Out of them, 27% and 22% are in South and East Asia respectively. Among different forms of noises, noise at occupational place is the most crucial reason behind hearing loss ([@bb0310]).Significant reduction of pollutant water from the different economic sectors is noticed. The New Indian Express on 24.04.2020 reported that water quality of river Ganga, in India is improved by 40--50% during the time of lockdown. CPCB (2020) reported that Dissolved oxygen (DO) (\>6 mg/l), Biochemical oxygen demand (BOD) (\<2 mg/l), total coliform (5000 per 100 ml) and pH (range between 6.5 and 8.5) have improved a lot and the identified range of the quality components are within the range of bathing. Different Government reports, reports of the researchers have heighted the glimpse of the effects of COVID 19 pandemic over the major cities of the world. The present work intends to focus on the effects of COVID 19 on the environmental components of stone mine and crushing industries dominated middle catchment of Dwarka river basin.

The Dwarka River - a tributary of Mayurakshi is a well-known name in the river scenario of West Bengal and Jharkhand states of Eastern India. The middle catchment of the basin (area: 3883 km^2^) is rich with crystalline granite rocks as these are the extended parts of Chottanagpur plateau. There are 239 stone mining and 982 stone crushing centres at the very vicinity of residential areas of poor economic background ([Fig. 1](#f0005){ref-type="fig"} ). These mining & crushing centres are used to produce approximately \~258,120 tons of dust per year ([@bb0215]) and it causes serious threats to the environmental components like air, water, soil ([@bb0215]; [@bb0220]; [@bb0225]). These stone quarrying and crushing centres are in operational mode almost every day of the year. But when the Indian government announced the country lockdown on 24.03.2020 to prevent the infection of the COVID-19, these were shut down temporarily. For in-depth spatial analysis, we have selected four densely found quarrying and crushing areas from the middle catchment defining cluster 1 to 4 with an area of 19.36 km^2^ each. Entire river basin possesses more than ten such mining and quarrying clusters but purposively we have selected those four where the frequency of crushing unit is maximum. These quarrying and crushing units have generated livelihood opportunity but huge dust emission in different forms have negative impact on environment and human health ([@bb0220], [@bb0225]; [@bb0085]). Policy makers are worried for formulating suitable abatement policies. Researchers at global level have reported the positive impact of lockdown on air quality. But its possible impact at regional and local scale is yet not explored. Considering this gap of research the present study has intended to explore the impact of lockdown on environment in general and some specific environmental components like on PM concentration in air, change of land surface temperature, noise ambience and river water in the stone quarrying and crushing dominated areas of Eastern India.Fig. 1Location of the study area: (a) Dwarka river basin within India and (b) Geographical extension of the basin within Jharkhand & West Bengal (c) selected clusters within the Dwarka river basin (d--g) Clusters 1 to 4 with village boundary.Fig. 1

2. Materials {#s0010}
============

Landsat 8 OLI image (path 139 and row 43 and spatial resolution 30 m) of the United States Geological Survey (USGS) has been used for LST and PM~10~ mapping. PM~10~, LST has been extracted from the downloaded satellite images for the dates of 12-March-2020 as a representative of pre lockdown time and 28-March-2020 and 13-April-2020 as the representative of ongoing lockdown periods. Noise level is recorded from field. Water samples from river have also taken from the field from 12 sites. Water quality data of the pre lockdown time is taken from [@bb0220].

3. Methods {#s0015}
==========

3.1. Computation of aerosol from Landsat image and validation {#s0020}
-------------------------------------------------------------

Radiometric correction has been applied to transform the DN values into radiance or the reflectance values. This is then converted at sensor radiation into radiances on the surface of the earth following [@bb0045], (Eq. [(1)](#fo0005){ref-type="disp-formula"}).$$\mathit{L\lambda} = \mathit{ML} \ast \mathit{Qcal} + \mathit{AL}$$

The Landsat 8 OLI band data will then be converted into TOA spectral radiance using the rescaling factors in order to extract the Top of Atmospheric Radiance (TAR). The rescaling factors are given in the image metadata file.$$\mathit{L\lambda} = \mathit{ML} \ast \mathit{Qcal} + \mathit{AL}$$where, Lλ = Top of atmospheric radiance, ML and AL = Multiplicative and additive rescaling factor of the particular band, Qcal = Quantized pixel value.

Then we need to DN value to Conversion of digital number to Top of Atmospheric reflectance. We need the reflectance rescaling coefficient for conversion. The metadata file contains the reflectance rescaling coefficient. For the conversion the following equation was used (Eq. [(3)](#fo0015){ref-type="disp-formula"}).$$\rho\lambda^{\prime} = \mathit{M\rho} \ast \mathit{Qcal} + \mathit{A\rho}$$

where, ρλ′ = top of atmospheric (TOA) planetary reflectance. But here it should be noted that planetary reflection at the top of the atmosphere does not involve sun angle correction. Mρ = multiplicative rescaling factor, Aρ = additive rescaling factor, Qcal = quantized calibrated pixel.

The sun angle of the top reflection of the atmosphere was determined using the following formula for correction (Eq. [(4)](#fo0020){ref-type="disp-formula"})$$\rho\lambda^{\prime} = \frac{\rho\lambda^{\prime}}{c{os}\left( \mathit{\theta SZ} \right)} = \frac{\rho\lambda^{\prime}}{s\text{in}\left( \mathit{\theta SE} \right)}$$where, ρλ = Top of Atmospheric (TOA) planetary reflectance, θ~SE~ = Local sun elevation angle, θ~SZ~ = local solar zenith angle. For the measurement of the solar zenith angle we used the solar elevation (provided in metadata). (Eq. [5](#fo0025){ref-type="disp-formula"})$$\theta_{\mathit{SZ}} = 90{^\circ} - \mathit{\theta SE}$$

The goal of air correction is to eliminate the various atmospheric effects that affect the signal the sensors receive. For multi-spectral satellite imaging, there are so many approaches and techniques. The following equation has been used here in the measurement of reflection on the land surface (Eq. [6](#fo0030){ref-type="disp-formula"}).$$\rho = \frac{\pi \ast \left( {\mathit{L\lambda} - \mathit{Lp}} \right) \ast d^{2}}{\mathit{Tv} \ast \left\{ {\left( {\mathit{ESUN\lambda} \ast \cos\mathit{\theta SZ} \ast \mathit{TZ}} \right) + \left\{ \mathit{Edown} \right\}} \right)}$$where, ρ = land surface reflectance, L~P~ = path radiance, T~V~ = atmospheric transmittance in the viewing direction, T~Z~ = the atmospheric transmittance in the illumination direction, Edown = the down welling diffuse irradiance, ESUNλ = solar *exo*-atmospheric irradiances, d = earth sun distance.

The elimination of path radiance is one of the main atmospheric corrections required to extract respiratory particulates from Landsat 8 image. Dark object subtraction method is currently the frequently used method for calculating the Landsat 8 data\'s path radiance. The Dark Object Subtraction\'s prime principle is in determining the dark object. So the path radiance was extracted using the equation below ([@bb0260]) (Eq. [(7)](#fo0035){ref-type="disp-formula"}).$$\mathit{L\rho} = L\min - 0.01 \ast \frac{\mathit{ESUN\lambda} \ast c{os}\left( \mathit{\theta sz} \right)}{\pi \ast d^{2}}$$

After processing the radiometric & atmospheric correction the atmospheric reflectance has been calculating by the subtracting the top of atmospheric (TOA) reflectance and the reflectance of the surface. On the basis of the aforementioned principle the aerosol optical thickness (AOT) has been calculated using the following equation.$$\mathit{AOT}\left( \lambda \right) = \mathit{aoR}\left( \lambda \right)$$ $$R\left( \lambda \right) = \mathit{\rho a}\left( {\mathit{\theta sz},\mathit{\theta v},\phi} \right)$$ $$\mathit{ao} = \left( \frac{4\mathit{\mu\mu o}}{\mathit{\omega oPa}\left( {\mathit{\theta sz},\mathit{\theta v},\phi} \right)} \right)$$where, R (λ) = atmospheric reflectance comparable to wavelength region (λ) for satellite, Pa (θ~SZ~, θ~v~, φ) = the function of the aerosol scattering phase, θ~SZ~ = solar zenith angle (local), θ~v~ = viewing zenith angle, φ = the relative azimuth angle, μ = icosines of the view directions, μo = cosines of the illumination directions and ωo = albedo sing-scattering.

This equation can also be written as following for the three bands$$\mathit{AOT} = \mathit{aoR\lambda}1 + a1\mathit{R\lambda}2 + a2\mathit{R\lambda}3$$where, Rλ~1/2/3~ = atmospheric reflectance (1, 2 and 3 comparable to wavelength region for satellite), a = the algorithm coefficient.

The aerosol optical thickness and particulate matter relationship is defined as a single homogeneous atmospheric layer comprising the spherical aerosol particles. [@bb0145] stated in his paper that the concentration of aerosol mass at the lower atmosphere of the earth\'s surface is obtained by drying sampled air.$$\mathit{PMX} = \frac{4}{3}\mathit{\pi\rho}\int_{0}^{x/2}r^{3}n\left( r \right)\mathit{dr}$$

The particulate matter (PM) is therefore predicted to be highly correlated with the optical aerosol (AOT) thickness. The method for estimating particulate matter concentrations is developed by [@bb0200] using the spectral aerosol optic thickness (AOT) recovery.$$\mathit{PM}_{10} = \mathit{aoR\lambda}1 + \mathit{ajR\lambda}2 + a2\mathit{R\lambda}3$$where, Rλ1~/2/3~ = atmospheric reflectance (Rλ~1/2/3~ is the corresponding to wavelength for satellite), A ~0/1/2~ = the algorithm coefficient which are empirically determined.

The particulate matter 10 (PM~10~) is related to the atmospheric relectance and it is computed by the use of proposed algorithm ([@bb0200]) on the basis of highest R & lowest root mean square error (RMSE) values. In this case the highest correlation coefficient value is 0.888.$$\mathit{PM}_{10} = 396\mathit{R\lambda}2 + 253\mathit{R\lambda}3 - 194\mathit{R\lambda}4$$

After computing and mapping PM~10~, validation of the map is done using Tem-top airing-1000 air quality monitor (measuring range 0--999 μg/m^3^, resolution 0.1 μg/m^3^) derived field data at 80 sites on the same dates of image acquisition. Pearson\'s correlation coefficient is computed between the data derived from PM~10~ image and field data.

3.2. Method for extracting LST {#s0025}
------------------------------

Every object emits the thermal electromagnetic energy when its temperature is above the absolute zero (K). Considering this fact LST of different objects is calculated. The thermal sensor (TM/ETM/TIRS) received the signals and this signal can be converted to the at sensor radiance. There are so many methods are available for extracting the LST. Among different methods of extracting LST from the Landsat image, the method devised by the [@bb2020] is as applied.

### 3.2.1. Pixel value or DN value conversion to spectral radiance (Lλ) {#s0030}

The spectral radiance (Aλ) is calculated using Eq. [(15)](#fo0075){ref-type="disp-formula"} given by [@bb2020].$$\mathit{L\lambda} = ``\mathit{gain}" + \mathit{DN} + ``\mathit{bias}"$$where, L~λ~ = the spectral radiance of the specific thermal band, "gain" = digital number (DN) conversion function, DN = pixel value or digital number of a given pixel, "*bias*" = bias is the intercept of the Digital Number conversion function.

Eq. [(15)](#fo0075){ref-type="disp-formula"} can also be expressed as following:$$\mathit{L\lambda} = \left( \frac{\mathit{LMAX\lambda} - \mathit{LMIN\lambda}}{\mathit{QCALMAX} - \mathit{QCALMIN}} \right) \ast \left( {\mathit{QCAL} - \mathit{QCALMIN}} \right) + \mathit{LMIN\lambda}$$where, QCAL~min~ = 0, QCAL~max~ = 255, QCAL = quantized calibrated pixel value or digital number of each pixel, LMIN~λ~ = spectral radiance for the thermal band at digital number 0 LMAX λ = spectral radiance for the thermal band at digital number 255.

### 3.2.2. Estimation of at satellite brightness temperatures (TB) from spectral radiance (Lλ) {#s0035}

For extracting the Land Surface Temperature the spectral radiance of the thermal bands of TM/ETM/TIRS are need to converted to the at-satellite brightness temp (TB). For this conversion we use Eq. [(17)](#fo0085){ref-type="disp-formula"} of LPSO (2002) formula.$$\mathit{TB} = \frac{\mathit{Kj}}{\ln\left( {\frac{\mathit{Ki}}{\mathit{L\lambda}} + 1} \right)}$$where, TB refers to at-satellite brightness temperature (K), *L*λ spectral radiance of the thermal band in W·m^−2^·sr^−1^. μm ^−1^, K~i~ and K~j~ = K~i~ and K~j~ both are the Calibration constant. (The calibration constants are provided in the metadata file of the particular image).

### 3.2.3. Land surface temperature (LST) and validation {#s0040}

The above obtained thermal value is referred to a black body. So the corrections for spectral emissivity are required and this correction can be done as per the nature of the land cover of that specific area ([@bb2025]).The another way is also availabe in this case. From the Proportion of vegetation values the emissivity of each pixel has been derived.$$\mathit{Land\ surface\ emissivity}\left( \varepsilon \right) = 0.004 \ast \mathit{Pv} + 0.986$$where, Pv = proportion of vegetation, Pv or proportion of vegetation is calculated using the following formula.$$P_{v} = \frac{\mathit{NDVI}_{\mathit{Jr}} - \mathit{NDVI}_{\min}}{\mathit{NDVI}_{\mathit{Jr}} - \mathit{NDVI}_{\min}}$$

The emissivity corrected LST were computed using the following equation ([@bb2030]).$$\mathit{LST} = \mathit{TB}/\left\lbrack {1 + \left\{ {\left( {\lambda \ast \mathit{TB}/\rho} \right) \ast \mathit{ln\varepsilon}} \right\}} \right\rbrack$$where, LST = land surface temperature in Kelvin, λ = wavelength of emitted radiance in metres, TB = at sensor brightness temperature (K), ρ = h\*c/σ (1.438 × 10^−2^ m K), σ = Boltzmann constant (6.626 × 10^−34^ J s), ϲ = velocity of light (2.998 ∗ 10^8^m/s) ɛ = emissivity (ranges between 0.97 and 0.99).

For validating the LST maps, LST is recorded from field on 80 sites using Digital Infrared Thermometer (Type-K) and Pearson correlation coefficient is computed between image and field based LST data.

3.3. Noise measurement {#s0045}
----------------------

Stone crusher units emit heavy noise. Noise intensity is recorded using sound meter (digital noise level analyzer (type LT SL 4010) at 245 sites in pre lockdown phase and 37 sites from the same amid lockdown. Sites were selected not only at very proximity of crusher unit but also apart from the units. Field data at more sites have not been done during lockdown. Based on the recorded noise isopleth maps of four cluster have been generated for both the periods.

3.4. Measuring water quality {#s0050}
----------------------------

Total 12 water samples have been collected from adjacent rivers of four cluster and tested the pH, total dissolved solid (TDS), dissolved oxygen (DO). Water quality report of those sites for pre lockdown period has been collected from published article of [@bb0220]. Average water quality is taken as comparison. [Table 1](#t0005){ref-type="table"} depicts the reference ambient water quality limits.Table 1Water quality of the different parameters according to the BIS standards IS 10500 (2012).Table 1ParametersFor drinkingFor outdoor bathingFor irrigationPH6.5--8.56.5--8.56--8.5DO (ppm.)55--TDS(mg/l.)500--2250

4. Results {#s0055}
==========

4.1. Changing scenario of particulate matter 10 (PM~10~) {#s0060}
--------------------------------------------------------

[Fig. 2](#f0010){ref-type="fig"} shows the PM~10~ before the lockdown and during the period of lockdown in selected four densely concentrated quarrying and crushing units. According to the Central Pollution Control Board (CPCB), PM~10~ value over 100 is very dangerous to people, animals and the environment. In pre lockdown situation, the computed PM~10~ was 100 in all the clusters but it is considerably reduced amid lockdown situation mainly due to non-operational state of the quarrying and crushing units. For further specification, in clusters 1, 2, 3 and 4 the maximum levels of PM~10~ were 189.45, 248.49, 278.79 and 227.58, respectively. But the PM~10~ level is dropped to 59.67, 53.68, 49.58 and 64.88 μg/m^3^ on those clusters as on 28th March 2020 (just after 4 days of commencing lockdown) ([Table 2](#t0010){ref-type="table"} ). The situation is further improved on 13.04.2020 (after 18 days of commencing lockdown). The degree of change is found high in the densely located crushing units. If areal coverage under different PM~10~ level of the study area is analyzed, it gives a satisfactory scenario showing declining areal extent under high PM level amid lockdown state ([Table 3](#t0015){ref-type="table"} ). In all the clusters about 50% area was characterized with PM~10~ level above 100 but amid lockdown entire area has registered PM level \< 100.Fig. 2Cluster wise particulate matter 10 in pre lockdown and during the lockdown period.Fig. 2Table 2Cluster wise levels of PM~10~ (μg/m^3^) in pre lockdown and during the lockdown periods.Table 2PhaseCluster 1Cluster 2Cluster 3Cluster 4Max.Avg.MinMax.Avg.MinMax.Avg.MinMax.Avg.Min12.03.2020189.45139.4467.55248.49189.6969.88278.79259.2582.45227.58201.5579.6828.03.202059.6785.2323.1353.6851.2224.3264.8861.7926.3664.8861.5937.4813.04.202049.5547.2222.3544.8742.5523.2449.4647.4723.3649.5447.7825.26Table 3Clusterwise area under different PM~10~ levels.Table 3PM~10~ classes (μg/m^3^)Area in cluster 1 (km^2^)Area in cluster 2 (km^2^)Area in cluster 3 (km^2^)Area in cluster 4 (km^2^)12.03.2020_Pre lockdown\<504.783.661.241.6750--1004.753.981.891.88100--1506.648.744.369.32\>1503.192.9811.876.49 28.03.2020_During lockdown\<5016.8818.1112.149.8950--1002.471.257.229.47100--150NilNilNilNil150--200NilNilNilNil  13.04.2020_During lockdown\<5019.3619.3619.3619.3650--100NilNilNilNil100--150NilNilNilNil150--200NilNilNilNil

To see the change of PM~10~ concentration from crushing unit to residential areas in pre lockdown period where crushers were in operational, the steep change is identified at the peripheral edge of the crushing unit but no such change is found between crushing unit and residential area ([Fig. 3](#f0015){ref-type="fig"} ). The distance of steep change is different across the clusters and it is mainly due to areal extent of crusher concentration. This distance of steep change of PM~10~ is different at different directions from same crusher unit.Fig. 3Distance decay rate of PM~10~ concentration from crushing unit (12.03.2020 and 28.03.2020), average of 20 cross sections of PM~10~ in each clusters are taken into account for showing distance decay of particulate matter concentration (a) indicates PM~10~ change at cluster 1 (b) at cluster 2 (c) at cluster 3 and (d) at cluster 4.Fig. 3

4.2. Effects on land surface temperature {#s0065}
----------------------------------------

[Fig. 4](#f0020){ref-type="fig"} demonstrates spatial pattern of LST across the clusters in pre and during lockdown periods. Highest temperature is usually found in an around the stone quarrying and crushing units. A Pre lockdown LST record shows the fact. Historical time series LST on those areas also recorded high temperature in these areas and over the time with increasing density of crushing units the LST is registered high ([@bb0220]). This thermal condition adversely affects even the health of the workers and proximate local people. But amid lockdown the LST is reduced considerably. For instance, in pre lockdown period, maximum recorded temperature varies from 35.49 to 38.48 °C and just after 4 days of commencing lockdown it is reduced by 3.24--5.07 °C and 4 to 6.5 °C after 18 days. Average temperature of all the clusters ranged from 31.25 to 35.11 °C in pre lockdown period and it is reduced to 2.27 to 5.53 °C after 4 days and 2.74 to 7.06 °C after 18 days of commencing lockdown ([Table 4](#t0020){ref-type="table"} ). So the temperature recorded during operation of quarrying and crushing activities is not the sole effect of solar radiation. The reduced amount is due to the effect of anthropogenic activities.Fig. 4Cluster specific LST in different phases.Fig. 4Table 4Clusterwise levels of LST value in Pre lockdown and during the lockdown periods (Values in °C).Table 4PhaseCluster 1Cluster 2Cluster 3Cluster 4Max.Avg.MinMax.Avg.MinMax.Avg.MinMax.Avg.Min12.03.202035.4931.2528.1238.1733.4128.7837.1534.6427.4838.4835.1131.2128.03.202030.5828.5426.4333.1028.4927.4732.1129.1125.1235.2432.3728.5513.04.202027.1825.1424.2526.2425.4424.2428.2727.5824.3334.4530.2428.47

4.3. Effects on noise ambience {#s0070}
------------------------------

During operational stage of crushers, noise pollution is very common. Noise level exceeds often 90dBA. In all the clusters from 8 am to 4 pm 35% to 68% falls under the noise level \> 85dBA which is highly hazardous for human health ([@bb0305]). But incident of lockdown has turned this noise level quite normal like residential area or even less. In lockdown phase entire study units fall under the noise level \< 65dBA which is normal as defined by [@bb0060] ([Fig. 5](#f0025){ref-type="fig"} ).Fig. 5Cluster wise ambiance noise level in pre lockdown and during the lockdown period.Fig. 5

4.4. Effects on water quality of the river water {#s0075}
------------------------------------------------

Huge amount of stone dust through air movement, drainage water discharge to river water and it causes change in water quality parameters. [@bb0220] reported adverse water quality beyond permissible limits in pre lockdown period. During lockdown water quality is significantly improved. TDS is maximally reduced in cluster 1 (2457 to 987) and in case of other clusters it is almost become half. DO level is also improved and all these are now within permissible limits ([Table 5](#t0025){ref-type="table"} ).Table 5Clusterwise water quality parameters in pre and during lockdown periods.Table 5Water quality parametersCluster 1Cluster 2Cluster 3Cluster 4ababababpH8.76.98.97.18.77.38.87.6DO (ppm.)3.744.123.184.323.144.432.723.25TDS (mg/l.)2457987236911242415102322891289[^2]

5. Discussion and conclusion {#s0080}
============================

Result clearly exhibits that LST, PM~10~ concentration, noise level and river water quality have reduced significantly and all these are under CPCB, WHO defined ambient quality level after commencing lockdown. In pre lockdown state when all the industrial units are in operational state, the effect is recorded hazardous to environment components in general and human health in particular ([@bb0220], [@bb0225]; [@bb0285]; [@bb0195]). Continuous emission of dust particles crushed due to stone crushing since morning to evening add huge volume of dust into the atmosphere, water body and contaminate the quality of air and water. Particulate matter concentration above 100 is harmful for human health ([@bb0320]). Inhaling fine dust particles for long time often creates different respiratory diseases and also invite deaths ([@bb0320]; [@bb0325]; [@bb0330]). Around 29% of lung cancer deaths, 24% stroke deaths, 25% cardiac disease death and 43% other lung disease are reported to be causing air pollution ([@bb0340]). Also, air pollution caused 26% deaths from respiratory illness, 25% deaths from COPD and some 17% deaths from ischemic heart and stroke ([@bb0315]). At this point, it should be noted that for those with chronic respiratory and cardiovascular disorders, the COVID-19 death rate is significantly higher. Such diseases are also related to air pollution, which means air pollution can be seen as a secondary factor in these deaths ([@bb0290]; [@bb0280]). Past studies have verified the effect of air pollution on the health conditions. Several studies have shown that air pollution exposure has that health risks linked with respiratory, cardiovascular, pulmonary and other results related to health in the past decades, creating significant interest in air pollution ([@bb0135]; [@bb0350]; [@bb0110]; [@bb0230]). In their previous studies, [@bb0220], [@bb0225] showed how the stone quarrying and crushing process is adding dust particles to the air day after day. They have estimated aerosol concentration from the region from 2014 to 2017 in season-wise at lower atmosphere. The average PM~10~ value in summer season was 183.24 and winter PM~10~ value was 224.33. So it is important to say that the PM~10~ value is always very high in this area. But temporary closure of quarrying and crushing units has reduced this level significantly and it is good for human health. The people is already affected by PM related diseases may get temporary relief. Due to continuous release of heat from the crusher machine, temperature also found high in the industrial area ([@bb0215]; [@bb0220]; [@bb0225]; [@bb0080]). This result although is associated with a regional scale study but a few study already done by [@bb0245], [@bb0250], [@bb0295], [@bb0290], [@bb0270], [@bb0025] have also reported the diminishing PM level concentration in air along with other greenhouse gases.

Lockdown condition has recorded about 3--5 °C temperature less than pre lockdown period indicating the fact that industry induced energy footprint enhances temperature significantly. Due to non-operational state the noise level is ambient and found suitable for human health. River water quality is improved significantly amid lockdown. Usually huge amount of dust admixing with drainage debouches to nearby river and change the normal water quality parameters like total dissolved solid, temperature, pH, turbidity, dissolved oxygen etc. ([@bb0225]). As no such admixing is taking place amid lockdown, since water quality is improved. CPCB (2020a,b) reported same incidents of water quality improvement in river Ganga, Yamuna amid lockdown situation.

However this incident clearly pointed out a way through which we can combat pollution of different environmental components and human health. Temporary lockdown can improve the quality of environment. It may hamper the economy but if we think about sustainable economy, sustainable economy in co-existence with ambient environment it is the only way. Worldwide lock down has provided a good opportunity to realize our pressure on nature and patience of nature. However successful control of pollution sources can give a lively earth and it can establish the right to life in our planet earth.
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